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$1HZ+LJKDQG0RGHUDWH6SHHG6HUYR+\GUDXOLF
)RUJLQJ6LPXODWRU&DSDELOLWLHVDQG3URFHVV2SWLPL]DWLRQ
0LFKDLO1WRYDVD3DXO%ODFNZHOOE
'HVLJQ0DQXIDFWXUHDQG(QJLQHHULQJ0DQDJHPHQW8QLYHUVLW\RI6WUDWKFO\GH-DPHV:HLU%XLOGLQJ
0RQWURVH6WUHHW*ODVJRZ*;-8QLWHG.LQJGRP
$GYDQFHG)RUPLQJ5HVHDUFK&HQWUH8QLYHUVLW\RI6WUDWKFO\GH,QFKLQQDQ'ULYH,QFKLQQDQ5HQIUHZVKLUH
3$/-8QLWHG.LQJGRP
DPLFKDLOQWRYDV#VWUDWKDFXNE SDXOEODFNZHOO#VWUDWKDFXN
$EVWUDFW 3URFHVV RSWLPL]DWLRQ ZLWKLQ PRGHUQ PDQXIDFWXULQJ LV JHQHUDOO\ VXSSRUWHG WKURXJK WKH XVH RI ILQLWH
HOHPHQW EDVHG SURFHVV PRGHOV $OWKRXJK WKH PHDVXUHPHQW RI GDWD DW VORZHU UDWHV V WR V LV ZHOO
HVWDEOLVKHGWKHUHH[LVWVDFKDOOHQJHLQJHQHUDWLQJDFFXUDWHGDWDIRUKLJKHUVWUDLQUDWHV WRV SURFHVVHV
VXFKDVIRUJLQJ6SHFLDOLVWHTXLSPHQWLVUHTXLUHGWRGHWHUPLQHWKHEDVLFVWUHVVVWUDLQUHVSRQVHRIPDWHULDOVLQWKLV
UDQJHRIVWUDLQUDWHV,QWKHFXUUHQWZRUNWKHFDSDELOLWLHVRIDQRYHO VHUYRK\GUDXOLFIRUJLQJVLPXODWRUPDFKLQH
ZLWKFDSDELOLW\IRUPRGHUDWHDQGKLJKGHIRUPDWLRQUDWHVZLOOEHGLVFXVVHG)XUWKHUPRUHWKHURXWHIROORZHGIRU
RSWLPL]LQJWKHH[SHULPHQWDOSURFHGXUHZLOOEHFRQVLGHUHG DQGVRPHRIWKHFKDOOHQJHVKLJKOLJKWHG
,1752'8&7,21
,QPRGHUQPDQXIDFWXULQJWKHQHHGIRUSURFHVVRSWLPL]DWLRQLVEHFRPLQJPRUHDQGPRUHLPSRUWDQWGXHWRWKH
QHHG WRGULYHGRZQFRVWV DQG LQFUHDVHSURGXFWLRQ UDWH >@ ,Q WKHSDVW KLJK VWUDLQ UDWH IRUJLQJSURFHVVHVZHUH
RIWHQXVHGWRPDQXIDFWXUHSDUWVWKDWZHUHRYHUVL]HDQGZKLFKUHTXLUHGILQDOPDFKLQLQJWRVKDSH0RUHUHFHQWO\
WKHUH KDV EHHQ D PRYH WR IRUJH SDUWV FORVH WR QHW VKDSH WR PLQLPL]H WKH QHHG IRU VXFK ILQDO PDFKLQLQJ ,Q
DGGLWLRQWKHUHLVDUHTXLUHPHQWWRHQVXUHFORVHFRQWURORIPLFURVWUXFWXUHWRJXDUDQWHHILQDOSURSHUWLHV$SULQFLSOH
WRROLQVXSSRUWLQJSURFHVVRSWLPL]DWLRQLVWKHXVHRIILQLWHHOHPHQW)(VLPXODWLRQ>@>@
$ QXPEHU RI IDFWRUV QHHG WR EH LQ SODFH WR HQVXUH WKDW SURFHVV PRGHOV DUH UREXVW WKHVH LQFOXGH D ODUJH
GDWDEDVHRIPDWHULDOVSURSHUWLHVDQGDUHSUHVHQWDWLRQRIWKHERXQGDU\FRQGLWLRQVUHOHYDQWWRWKHSURFHVV7KHPRVW
ZLGHO\ XVHG PHWKRG IRU FROOHFWLQJ PDWHULDO GDWD WR VLPXODWH IRUJLQJ SURFHVVHV LV OLWHUDWXUHPRGHOV VWDWLF RU
G\QDPLFWHVWVDQGIURPPDWHULDOGDWDEDVHVZKLFKDUHLQFOXGHGLQPDQ\FRPPHUFLDO)(VRIWZDUHSDFNDJHV
$OWKRXJK PDWHULDO GDWD IRU VORZ GHIRUPDWLRQ UDWHV V >@>@>@ DQG YHU\ KLJK VWDLQ UDWHV DERYH
V >@>@>@LVZHOOHVWDEOLVKHGDQGZLGHO\DFFHVVLEOHWKURXJKTXDVLVWDWLFWHVWVDQG+RSNLQVRQEDUZRUNIRU
PDQ\PDWHULDOV IRUPRGHUDWH VWUDLQ UDWHV V WRV WKH DYDLODEOH PDWHULDO GDWD LV UHVWULFWHG7KH UHDVRQ
EHKLQGWKLV LV WKHQHFHVVLW\IRUVSHFLDOL]HGWHVWLQJ HTXLSPHQW 8QWLOUHFHQWO\ GDWDLQWKLVPRGHUDWHVWUDLQUDWH ZDV
QRWZLGHO\DYDLODEOHGXHWRKDUGZDUHDQGVRIWZDUHUHVWULFWLRQVEXWDWWKHVDPHWLPHLWLVHVVHQWLDOIRUWKHDFFXUDWH
UHSUHVHQWDWLRQRIHJWKRVHLQYROYLQJVFUHZSUHVVHVRUKDPPHUV
7KH HTXLSPHQW SUHVHQWHG LQ WKH FXUUHQW ZRUN LV D VWDWH RI WKH DUW IRUJLQJ VLPXODWRU EDVHG RQ D EHVSRNH
GHVLJQHGVHUYRK\GUDXOLFPDFKLQHDEOHWRUHDFKPRGHUDWHVWUDLQUDWHVXSWRV FRYHULQJWKHGHIRUPDWLRQUDWHV
SURGXFHGGXULQJIDVWIRUJLQJSURFHVVHVDQGFUHDWLQJPDWHULDOGDWDHVVHQWLDOIRU WKH)LQLWH(OHPHQW6LPXODWLRQV
7KH HTXLSPHQW¶V XQLTXH KDUGZDUH DQG VRIWZDUH FKDUDFWHULVWLFV DQG FDSDELOLWLHV DUH SUHVHQWHG LQ WKLV ZRUN ,Q
DGGLWLRQ GXH WR WKH IDFW WKDW WKH HTXLSPHQW ZDV QHZ WKH URXWH IROORZHG IRU RSWLPL]LQJ WKH H[SHULPHQWDO
SURFHGXUHZLOOEHGLVFXVVHGDQGVRPHRIWKHFKDOOHQJHVKLJKOLJKWHG
(48,30(17'(6&5,37,21
7KHVHUYRK\GUDXOLFIRUJLQJVLPXODWRUPDFKLQHZDVPDQXIDFWXUHGE\3KRHQL[&DOLEUDWLRQ	6HUYLFH/LPLWHG
XQGHU WKH $GYDQFHG )RUPLQJ 5HVHDUFK &HQWUH $)5& GLUHFWLRQV DQG VSHFLILFDWLRQV )LJ 7KH H[FHSWLRQDO
FKDUDFWHULVWLFV PDGH WKH HTXLSPHQW XQLTXH LQ WHUPV RI GHVLJQ DQG FDSDELOLWLHV 7KH PDFKLQH LV FDSDEOH RI
FRQGXFWLQJH[SHULPHQWVLQWKHUDQJHRI³PHGLXP´VWUDLQUDWHVXSWRDPD[LPXPRIV DQGLVHTXLSSHGZLWK
ORDGFHOOVWKHILUVWLV.1DQGWKHVHFRQG.1 7KHFXUUHQWVHWXSLVDGMXVWHGIRUVDPSOHVZLWKGLPHQVLRQ
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190002-1
RIPPGLDPHWHUDQGPPORQJEXWWKHPXOWLIXQFWLRQDOGHVLJQSURYLGHVWKHFDSDELOLW\IRURWKHUJHRPHWULHV
DOVR$QXQXVXDOFKDUDFWHULVWLFLVWKDWWKHWRSDQGERWWRPSODWHQVERWKPRYHGXULQJWKHFRPSUHVVLRQWHVW,QPRVW
VWDQGDUG WHVW PDFKLQHV RQO\ RQH RI WKH SODWHQV ZLOO PRYH )XUWKHUPRUH HDFK SODWHQ FDQ EH FRQWUROOHG
LQGHSHQGHQWO\IURPWKHRWKHUZKLFKFRQIHUVFRQVLGHUDEOHIUHHGRPLQVHWWLQJXSFRPSOH[GLVSODFHPHQWUHJLPHV
),*85(6HUYRK\GUDXOLFIRUJLQJVLPXODWLRQPDFKLQHFKDPEHUDQGLQWHULRU
7KH V\VWHP LV DOVR HTXLSSHG ZLWK DQ HQYLURQPHQWDO FKDPEHU DQG DUJRQ VXSSO\ V\VWHP ZKLFK DOORZV
H[SHULPHQWVWREHFDUULHGRXWLQDQHXWUDOQRQR[LGL]LQJHQYLURQPHQWDQGDWWKHVDPHWLPHSUHYHQWWKHFRUURVLRQ
RI WKH SODWHQV WKH SODWHQV DUH PDQXIDFWXUHG IURP 7XQJVWHQ )XUWKHUPRUH DQ DXWRPDWLF TXHQFKLQJ V\VWHP LV
LQVWDOOHG LQ WKH FKDPEHU ZKLFK PDNHV SRVVLEOH IDVW TXHQFKLQJ ZLWKLQ OHVV WKDQ VHF IURP WKH HQG RI WKH
H[SHULPHQW
)RUKLJKWHPSHUDWXUHH[SHULPHQWVDQLQGXFWLRQKHDWLQJV\VWHPLVXVHGFDSDEOHRIJHQHUDWLQJWHPSHUDWXUHVXS
WR& WKHV\VWHPKDVEHHQGHVLJQHGWREHYHU\IOH[LEOH LQ WHUPVRIFRLOVJHRPHWU\GLIIHUHQWFRLOVFDQEH
XVHGEDVHGRQ WKHPDWHULDOEHLQJ WHVWHGDQGKHDWLQJUDPSV7KH WHPSHUDWXUHPD\EHFRQWUROOHGHLWKHUXVLQJD
S\URPHWHUDWWDFKHGLQWKHHQYLURQPHQWDOFKDPEHURUE\WKHUPRFRXSOHVXSWRHLJKWWKHUPRFRXSOHVFDQEHXVHG
VLPXOWDQHRXVO\WRPRQLWRUWKHWHPSHUDWXUH
7ZR VRIWZDUH SDFNDJHV VXSSRUW WKH HTXLSPHQW ZLWK GLVWLQFW IXQFWLRQV )LJ 7KH ILUVW VRIWZDUH ³&RQVWDQW
6WUDLQ5DWH3URILOH&UHDWRU´LVVSHFLDOO\GHVLJQHGVRIWZDUHGHGLFDWHGIRUIRUJLQJRUFRPSUHVVLRQWHVWV7KHLQSXW
SDUDPHWHUVIRUWKHH[SHULPHQWVDUHWKHDFFHOHUDWLRQJDSWKHVWUDLQUDWHWKHILQDOWUXHVWUDLQWKHSURILOHGXUDWLRQ
DQGWKHRYHUVKRRWSHULRG7KHVHFRQGVRIWZDUHLVWKH³3URILOH%XLOGHU´ZKLFKLVGHGLFDWHGWRFUHDWHDPXOWLVWHS
IRUJLQJSURILOH
),*85(6RIWZDUHLQWHUIDFHVXSSRUWLQJWKHHTXLSPHQW
190002-2
7KH FRPELQDWLRQ RI KDUGZDUH DQG VRIWZDUH PDNHV WKLV PDFKLQH LGHDO IRU WKH GHWDLOHG VLPXODWLRQ RI WKH
WKHUPRPHFKDQLFDOFRQGLWLRQVWDNLQJSODFHGXULQJKRWIRUJLQJLQVFUHZSUHVVHVDQGKDPPHUV
EXPERIMENTAL OPTIMIZATION 
2SWLPL]LQJ DQ H[SHULPHQWDO SURFHGXUH LV DOZD\V FKDOOHQJLQJ DQG EHFRPH PRUH FKDOOHQJLQJ ZKHQ WKH
HTXLSPHQWLVQHZDQGQRSUHYLRXVPHWKRGLVLQSODFH7KHPRVWVLJQLILFDQWVWHSLQWKHRSWLPL]DWLRQSURFHGXUHLV
WRGHILQHWKHSDUDPHWHUVWKDWLQIOXHQFHWKHH[SHULPHQWDQGWKHQFRQWUROWKHPWRDFKLHYHDVROLGUHSHDWDEOHDQG
DFFXUDWHH[SHULPHQW'XHWRVLPLODULWLHVZLWKWKHKRWLVRWKHUPDOFRPSUHVVLRQWHVWWKHSURWRFROVDQGWKHVWDQGDUGV
XVHGZRUOGZLGHWRGHVFULEHWKHH[SHULPHQWDOSURFHGXUHKDVEHHQXVHGDVDEDVHOLQHIRUWKHH[SHULPHQWV>@
7KUHH PDLQ SDUDPHWHUV KDYH EHHQ LGHQWLILHG WKDW LQIOXHQFH WKH H[SHULPHQWDO SURFHGXUH 7KH ILUVW LV WKH
WHPSHUDWXUHFRQWUROWKHVHFRQGLVWKHVDPSOHSRVLWLRQDQGWKHWKLUGLVWKHVWUDLQUDWHYDULDWLRQ7ZRIDFWRUVDUH
LPSRUWDQWZLWKUHJDUGWRWKHVDPSOHSRVLWLRQ LW¶VORFDWLRQRQWKHSODWHQVLHLVLWFHQWUDODQGWKHSODWHQSRVLWLRQ
LQWKHFRLO
7HPSHUDWXUH&RQWURO2SWLPL]DWLRQ
'XULQJ WKHH[SHULPHQWSURFHGXUHDFFXUDWHDQGSUHFLVH WHPSHUDWXUHFRQWUROKDVEHHQ LGHQWLILHGDVFULWLFDO WR
DFKLHYHVROLGUHSHDWDEOHDQGDFFXUDWHH[SHULPHQW7KHV\VWHPLVVXSSOLHGZLWKDQLQGXFWLRQKHDWLQJDUUDQJHPHQW
ZKLFKLVFRQWUROOHGE\DS\URPHWHU7KH$670VWDQGDUG (GHVLJQDWHVWKDWWKHXQLIRUPLW\RIWHPSHUDWXUH
ZLWKLQWKHVSHFLPHQJDJHOHQJWKVKRXOGEHZLWKLQ&DQG&RIWKHQRPLQDOWHVWWHPSHUDWXUHXSWRDQG
LQFOXGLQJ & DQG ZLWKLQ   DQG    RI WKH QRPLQDO WHVW WHPSHUDWXUH DERYH & >@ 'XH WR
FKDQJHV LQ HPLVVLYLW\ DQG WKH YROXPH RI WKH KHDWHG SODWHQV WKH S\URPHWHU ZKLFK LV XVHG WR FRQWURO WKH
WHPSHUDWXUHODFNVWKHDFFXUDF\IRUWKHSUHFLVHWHPSHUDWXUHFRQWUROUHTXLUHGE\WKHVWDQGDUG([SHULPHQWDOUHVXOWV
KDYHVKRZQWKDWHYHQVPDOOGLIIHUHQFHVLQWKHWHPSHUDWXUHGXULQJKLJKVWUDLQUDWHFRPSUHVVLRQWHVWVFDQKDYHD
VLJQLILFDQWLQIOXHQFHDWWKHUHVXOWV)LJ
),*85( D([SHULPHQWDOVHWXSE7HPSHUDWXUHYDULDWLRQLQIOXHQFH
7R RSWLPL]H WKH WHPSHUDWXUH FRQWURO LQ FRQMXQFWLRQ ZLWK WKH S\URPHWHU D YHU\ ILQH UDSLG UHVSRQVH DQG
PLQLPXPVL]HWKHUPRFRXSOHKDYHEHHQXVHG7\SH.PP7KHWKHUPRFRXSOHLVFDUHIXOO\VSRWZHOGHGWRWKH
VDPSOH DQG WKH WHPSHUDWXUH LV UHFRUGHG WKURXJKRXW WKH KHDWLQJ SKDVH 7KH FRPELQDWLRQ RI WZR
PHDVXULQJPRQLWRULQJPHWKRGVPLQLPL]HVWKHDFWXDOWHPSHUDWXUHYDULDWLRQEHWZHHQH[SHULPHQWV
6DPSOH3RVLWLRQ2SWLPL]DWLRQ
7KHVDPSOHSRVLWLRQLQJLVFUXFLDOGXHWRWKHQDWXUHRIWKHKHDWLQJV\VWHPZKLFKLVXVHGLQGXFWLRQKHDWLQJ
$QLQFRUUHFWVDPSOHSRVLWLRQLQVLGHWKHLQGXFWLRQKHDWLQJFRLOJHQHUDWHVDODFNRIWHPSHUDWXUHXQLIRUPLW\ZLWKLQ
WKHVDPSOHDQGDVDUHVXOWQRQXQLIRUPGHIRUPDWLRQZRXOGEHREWDLQHG 7KHUHDUHWZRIDFWRUVZKLFKLQIOXHQFHWKH
VDPSOH SRVLWLRQ DQG KHQFH WHPSHUDWXUH XQLIRUPLW\ WKH VDPSOH SRVLWLRQ RQ WKH SODWHQV DQG WKHSODWHQ SRVLWLRQ
190002-3
ZLWKLQWKHFRLO$Q\RIID[LVSRVLWLRQLQJHLWKHUYHUWLFDORUKRUL]RQWDOO\ZLOOWHQGWRFUHDWHDQRQXQLIRUPHOHFWUR
PDJQHWLFILHOGZLWKLQWKHVDPSOH7RDGGUHVVWKDWIDFWRUDFDOLEUDWLRQWRRO)LJDZDVGHVLJQHGDQGPDQXIDFWXUHG
7KHWRROXVHVWKHSODWHQVKDSHDQGDFRQVWDQWSRLQWLQWKHFKDPEHUWRLGHQWLI\WKHFRUUHFWSRVLWLRQRIWKHVDPSOH
),*85( D &DOLEUDWLRQWRRO E 7HPSHUDWXUHGLVWULEXWLRQ6DPSOH
7KH SRVLWLRQ RI WKH SODWHQV YHUWLFDOO\ ZLWKLQ WKH FRLO DOVR KDV D VLJQLILFDQW HIIHFW RQ WKH WHPSHUDWXUH
GLVWULEXWLRQ LQVLGH WKH VDPSOH 7R DFKLHYH D XQLIRUP WHPSHUDWXUH GLVWULEXWLRQ D QXPEHU RI WULDOV ZHUH UXQ WR
GHWHUPLQHWKHRSWLPXPSRVLWLRQRIWKHSODWHQVGXULQJKHDWLQJ7KHVDPSOHPDWHULDOZDVWDNHQIURPD7L$O9
PPORQJEDUZLWKD YHU\ILQHHTXLD[HGPLFURVWUXFWXUH7KLVZDVPDFKLQHGWRVDPSOHVPPLQGLDPHWHUE\
PPORQJ7KHVDPSOHVZHUH('0PDFKLQHGZLWKVL[KROHVRIPPGLDPHWHU)LJE7KHKROHVZHUHORFDWHG
PPIURPWKHWRSDQGWKHERWWRPDQGWZRRIWKHPLQWKHPLGGOHRIWKHVDPSOH6L[PPWKHUPRFRXSOHVZHUH
XVHGWRPRQLWRUDQGUHFRUGWKHWHPSHUDWXUHLQVLGHWKHVDPSOH7KUHHZHUHLQVHUWHGPPIURPWKHVXUIDFHRIWKH
VDPSOHDQGWKHRWKHUWKUHHZHUHSRVLWLRQHGDORQJWKHVDPSOHFHQWHUOLQH
7KHH[SHULPHQWDOVHWXSLVLOOXVWUDWHGLQ)LJ7KHVDPSOHZDVLQVHUWHGLQVLGHWKHFRLODQGKHDWHGWR&
DQGWKHWHPSHUDWXUHPRQLWRUHGDQGUHFRUGHG7KHSODWHQSRVLWLRQZDVDGMXVWHGXQWLOWKHWHPSHUDWXUHGLVWULEXWLRQ
VDWLVILHGWKH$670VWDQGDUG(VSHFLILFDWLRQV>@7KHWULDOZDVUHSHDWHGIRUDQXPEHURIWHPSHUDWXUHV
VWDUWLQJIURPR&XSWR&ZLWKDVWHSRI&DQGWKHQXSWR&ZLWKD&VWHS
),*85(([SHULPHQWDOVHWXS
7KHUHVXOWVIURPWKHVL[WKHUPRFRXSOHVIRUHDFKRIWKHVHOHFWHGRSWLPL]HGWHPSHUDWXUHVDUHJLYHQLQ7DEOH
6PDOO IOXFWXDWLRQVDUHPRQLWRUHG LQVLGH WKHVDPSOH WKHVH IOXFWXDWLRQVDULVH IURP WKH LQGXFWLRQKHDWLQJV\VWHP
WKDW LVEHHQXVHGDQGIURPWKHKHDWH[FKDQJHZLWK WKHERWWRPSODWHQ WKH WRSSODWHQ LVQRW LQFRQWDFWZLWK WKH
VDPSOHGXULQJWKHKHDWLQJVWDJH+RZHYHUDOO WKHUHVXOWVDUHZLWKLQ WKH$670VSHFLILFDWLRQDQG WKHVWDQGDUG
GHYLDWLRQRIWKHWHPSHUDWXUHLQVLGHWKHVDPSOHKDVVXFFHVVIXOO\EHHQNHSWDWPLQLPXPYDOXHV
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+DYLQJ REWDLQHG WKH QHFHVVDU\ WHPSHUDWXUH FRQWURO WKH QH[W VWDJH LQ H[SHULPHQWDO RSWLPL]DWLRQ LV WR WKHQ
FRQVLGHUWKHFRQWURORIWKHVWUDLQUDWH7HVWVDWWKHVHKLJKVSHHGVPD\WDNHDVOLWWOHDVVHF,QWKHFDVHRIWKLV
SDUWLFXODUHTXLSPHQWWKHLQSXWSDUDPHWHUVDUHWKHDFFHOHUDWLRQJDSWKHVWUDLQUDWHWKHILQDOWUXHVWUDLQWKHSURILOH
GXUDWLRQDQGWKHRYHUVKRRWSHULRG:LWKUHJDUGWRWKHDFFHOHUDWLRQJDSJLYHQWKHKLJKVSHHGVUHTXLUHGWRREWDLQ
WKHVHVWUDLQUDWHVLWLVQHFHVVDU\WRKDYHDQLQLWLDOJDSEHWZHHQWKHVSHFLPHQDQGWKHWRSSODWHQWRDOORZWKHXSSHU
DFWXDWRU WR UHDFK IXOO VSHHG SULRU WR LPSDFWLQJ WKH VDPSOH 7KH PDJQLWXGH RI WKH DFFHOHUDWLRQ JDS HIIHFWV WKH
LQLWLDO SKDVHRI WKH WHVW DQG QHHGV WR EH RSWLPL]HG WR HQVXUH WKDW WKH WRS DFWXDWRU KLWV WKH VDPSOH LQ WKH ULJKW
VSHHG 7KH SURILOH GXUDWLRQ LV WKH SDUDPHWHU UHVSRQVLEOH IRU WKH GDWD VDPSOLQJ SHULRG RI WKH H[SHULPHQW 7KH
VRIWZDUHUHFRUGVXSWRYDOXHVGXULQJWKHWHVW7KHWKLUGSDUDPHWHULVWKHRYHUVKRRWSHULRGZKLFKZRUNVDVD
FRXQWHUPHDVXUHIRUWKHUHFRUGLQJGHOD\EHWZHHQWKHVRIWZDUHDQGWKHKDUGZDUH
7RDFKLHYHD PLQLPXPVWUDLQUDWHYDULDWLRQDQXPEHURIWULDOVZHUHUXQWRGHWHUPLQHWKHRSWLPXPYDOXHVIRU
WKHWKUHHSDUDPHWHUV)RUDOOWKHVWUDLQUDWHVWKDWZDVRSWLPL]HGWKHWUXHILQDOVWUDLQNHSWVWDEOHDW7KHVWUDLQ
UDWHRSWLPL]DWLRQZDVFRQGXFWHGIRUDQXPEHURIVWUDLQUDWHVDQGWHPSHUDWXUHV7KHVDPH7L$O9VDPSOHVZHUH
XVHGWRDYRLGLQSXWWLQJDQ\YDULDQFHLQWKHWHVWV'XHWRWKHODUJHDPRXQWRIWKHWHVWQRWDOOWKHUHVXOWVIRUDOOWKH
WHPSHUDWXUHVDQG VWDLQ UDWHVFDQEHSUHVHQWHG$QXPEHURI WKHRSWLPL]HG VWUDLQ UDWHVFRQGXFWHGDW&DUH
SUHVHQWHGLQ)LJDQGWKHDYHUDJHVWUDLQUDWHDQGVWDQGDUGGHYLDWLRQDUHVKRZQLQ7DEOH
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WKHUHVXOWVLWLVFOHDUWKDWWKHDYHUDJHVWUDLQUDWHIRUWKHWHVWVZDVZDOOFRQWUROOHG7KHVWUDLQUDWHYDULDWLRQXSWR
WKHVWUDLQUDWHRIVDQGDERYHVVKRZVDYHU\VPDOOGHYLDWLRQLQFRPSDULVRQZLWKWKHVWUDLQUDWHVIURP
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190002-5
VWRV7KHUHDVRQEHKLQG WKDWYDULDWLRQLVLQWKHEHJLQQLQJRIWKHWHVWZKHUHWKHVWUDLQUDWHXQGHUVKRRWV
RWKHUZLVHWKHVWUDLQUDWHUHPDLQVVWDEOHDQGFRQVWDQWGXULQJWKHUHVWRIWKHH[SHULPHQW
Conclusion 
,QWKHFXUUHQWZRUNWKHFDSDELOLWLHVRIDQHZVHUYRK\GUDXOLFIRUJLQJVLPXODWRUPDFKLQHZLWKFDSDELOLW\IRU
PRGHUDWHDQGKLJKGHIRUPDWLRQUDWHVKDYHEHHQGHPRQVWUDWHG)XUWKHUPRUHWKHWZRPDLQSDUDPHWHUVLQIOXHQFLQJ
WKHH[SHULPHQWDOSURFHVVKDYHEHHQLGHQWLILHGDQGRSWLPL]HGIRUUHSHDWDEOHDQGDFFXUDWHH[SHULPHQW+RZHYHU
DQ RSWLPL]DWLRQ SURFHVV LV DQ RQJRLQJ SURFHVV ZKLFK HYROYHG EDVH RQ WKH QHHGV 7KH FRPELQDWLRQ RI VDPSOH
SRVLWLRQ DQG WHPSHUDWXUH FRQWURO LQ WHUPV RI DFFXUDF\ KDV EHHQ RSWLPL]HG EXW LQ WHUPV RI FRVW LV DQ RQJRLQJ
SURFHVV7KHFRVWRIWKHWKHUPRFRXSOHIRUHDFKIRUJLQJVLPXODWLRQWULDOLVKLJKDQGGLIIHUHQWPHWKRGVDUHEHHQLQJ
H[DPLQHGWRPLQLPL]HWKLVFRVW
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